INTRODUCTION {#S1}
============

The revolutionary concept of interfering with the growth of new blood vessels to prevent disease progression began in the field of cancer therapy ([@R01]). It was hypothesized that the growth of tumor cells could be significantly diminished if the tumour expression of pro-angiogenic proteins like Vascular Endothelial Growth Factor (VEGF) could be inhibited ([@R02]). Bevacizumab (Avastin, Genentech Inc, South San Francisco, California, USA), which is a full-length monoclonal antibody directed against all biologically active forms of VEGF-A, was the first anti-angiogenic drug approved by the US Food and Drug Administration (FDA) for the treatment of metastatic colorectal cancer in conjunction with standard chemotherapy ([@R03]). In addition to the treatment of cancer, however, antiangiogenic therapy has rapidly invaded the field of ophthalmology, particularly in the diseases of the retina, where neovascularization that is spatially and temporally correlated with VEGF expression is a common theme ([@R04]). Instead of administering these agents intravenously where patients are susceptible to potentially deleterious side effects like hypertension and thromboembolic events ([@R05]), the current standard procedure in ophthalmology is an injection directly into the vitreous humor; this has the advantage of localizing the drug to the eye and minimizing any systemic effects ([@R06]).

The two most commonly used anti-VEGF drugs in ophthalmology are bevacizumab and the anti-VEGF-A antibody Fab fragment ranibizumab (Lucentis, Genentech Inc, South San Francisco, California, USA), although pegaptanib sodium (Macugen, OCI Pharmaceuticals, Melville, NY), a ribonucleic acid aptamer that binds and inhibits VEGF, is also available ([@R07]). Unlike bevacizumab, intravitreal ranibizumab and pegaptanib sodium have been tested in Phase III randomized controlled trials and therefore approved for the treatment of neovascular ("wet") age-related macular degeneration (AMD) ([@R08]) , which is the leading cause of irreversible blindness in people over 50 in the developed world ([@R09]-[@R11]). However, the superior results of ranibizumab compared to pegaptanib sodium in the aforementioned trials have limited the use of the latter in the clinics ([@R12]). Compared to bevacizumab, the theoretical advantage of using the smaller ranibizumab fragment is that one can achieve better penetration of all layers of the retina and more effectively target VEGF since this fragment has been engineered to have a higher VEGF affinity ([@R13]). However, the relative cost of ranibizumab (\$2000 per dose) versus the much cheaper bevacizumab (\$50 per dose) has made the latter drug the one of choice for treating other eye diseases off-label when VEGF is implicated, especially when government or insurance coverage is not available ([@R14]).

A quick perusal of the ophthalmology literature undoubtedly reveals a plethora of studies utilizing bevacizumab and ranibizumab off-label to treat diseases of the cornea and iris, in addition to those of the retina. For the great majority of the conditions, no randomized controlled trials have been performed to provide high-quality evidence for utilizing these agents, and therefore, many patients are subject to a number of unknown potential risks when receiving these drugs. To date, no study has systematically quantified how far reaching bevacizumab and ranibizumab have been in the field ophthalmology and compared the off-label use to that supported by high quality evidence. The goal of the current study is to quantify how many ocular diseases bevacizumab and ranibizumab have been used for, as represented by published case reports, and to compare this to the number of clinical trials that have been performed. In addition, the number of adverse events reported in case reports will be quantified and discussed in terms of VEGF\'s critical physiological role in the body.

METHODS {#S2}
=======

As an index for how far reaching bevacizumab and ranibizumab have been in treating eye diseases, the number of published case reports, clinical trials and phase III clinical trials indexed by Ovid MEDLINE (1996 to August week 1 2009) were utilized. The search strategy, involved using the term *bevacizumab* or *ranibizumab* as a keyword. A search result is obtained if the keyword is found in the original title, abstract, name of substance word, or subject heading word. For each keyword, the search results were limited in three different ways: the first involved limiting the results to "Case Reports" which are defined by MEDLINE as "clinical presentations that may be followed by evaluative studies that eventually lead to a diagnosis" ([@R15]). The two other search limitations involved limiting each keyword to "Clinical Trials, All" and "Phase III clinical trials".

According to MEDLINE, a "clinical trial" is defined as "work that is the report of a pre-planned clinical study of the safety, efficacy, or optimum dosage schedule of one or more diagnostic, therapeutic, or prophylactic drugs, devices, or techniques in humans selected according to predetermined criteria of eligibility and observed for predefined evidence of favorable and unfavorable effects," and a "Phase III clinical trial" is "work that is a report of a pre-planned, usually controlled, clinical study of the safety and efficacy of diagnostic, therapeutic, or prophylactic drugs, devices, or techniques after phase II trials.

A large enough group of patients is studied and closely monitored by physicians for adverse response to long-term exposure, over a period of about three years in either the United States or a foreign country" ([@R15]). All search strategies were limited to the English language.

RESULTS {#S3}
=======

The results of the search strategies utilizing either *bevacizumab* or *ranibizumab* as keywords are presented in [Figure 1](#F1){ref-type="fig"}. Compared to those for ranibizumab, the reports published with a keyword of bevacizumab were more numerous in the category of case reports (385 vs. 39), all clinical trials (239 vs. 30) and phase III clinical trials (28 vs. 8). From the 385 case reports published for bevacizumab, 229 (59%) described the efficacy, an adverse event, or the characteristics of the drug alone or in combination therapy for an eye condition. Of the remaining 156 papers, 151 were on a topic that did not involve the treatment of the eye such as cancer therapy and 5 were excluded from search since they were retrospective reviews or reports that did not contain sufficient information to discern which eye conditions was treated with bevacizumab. As demonstrated in [Table 1](#T1){ref-type="table"}, a total 58 different ocular conditions were treated with bevacizumab in the 229 case reports, the most commonly reported condition being wet AMD.

![Results of the Ovid MEDLINE search strategy utilizing the keywords bevacizumab or ranibizumab and limited to the category of case reports, all clinical trials or phase III clinical trials.](mjm-1301-038-g001){#F1}

###### 

The number of ocular conditions treated with bevacizumab (Avastin) indexed by the number of case reports published. AMD = age-related macular degeneration; NV= neovascular; DR = diabetic retinopathy; CNV = choroidal neovascularization; BRVO = branch retinal vein occlusion; CRVO = central retinal vein occlusion; ROP = retinopathy of prematurity; ME = macular edema; PRV = peripheral retinal vascularization. References are provided in parentheses for those with 5 or less reports.

       Ocular Condition                                  Case Reports   Clinical Trials   Phase III Trials
  ---- ------------------------------------------------- -------------- ----------------- ------------------
  1    Neovascular AMD                                   51             32                none
  2    NV glaucoma                                       21             2                 none
  3    Proliferative DR                                  16             8                 none
  4    Corneal neovasculariation                         11             2                 none
  5    Angiod Streaks (CNV)                              10             1                 none
  6    BRVO                                              8              11                none
  7    CRVO                                              8              7                 none
  8    Pathological Myopia (CNV)                         8              6                 none
  9    ROP                                               5              none              none
  10   Inflammatory CNV                                  5              2                 none
  11   Peripapillary CNV                                 5              none              none
  12   Retinal Angiomatous Proliferation (CNV)           5              1                 none
  13   Iris NV                                           4              none              none
  14   Pseudophakic cystoid ME                           4              2                 none
  15   Coats disease                                     4              none              none
  16   Juxtafoveal telangiectasia                        4              none              none
  17   Macular telangiectasia                            3              none              none
  18   Corneal transplant                                3              none              none
  19   Choroidal metastases                              3              none              none
  20   Choroid Osteoma (CNV)                             3              none              none
  21   Perifoveal telangiectasia                         3              none              none
  22   Polypoidal choroidal vasculopathy                 3              none              none
  23   Idiopathic CNV                                    2              1                 none
  24   Diabetic macular edema                            2              12                none
  25   Multifocal choroiditis                            2              none              none
  26   Juxtapapillilary retinal capillary hemangioma     2              none              none
  27   Glaucoma filtering surgery                        2              none              none
  28   Eales disease                                     2              none              none
  29   Adult-onset vitelliform dystrophy                 2              none              none
  30   Best disease                                      2              none              none
  31   Proliferative sickle retinopathy                  2              none              none
  32   Central serous retinopathy                        2              none              none
  33   Presumed ocular histoplamosis (CNV)               2              none              none
  34   ME due to occlusive vasculitis                    2              none              none
  35   Punctate inner choriodopathy                      2              none              none
  36   Radiation Retinopathy                             1              2                 none
  37   Familial exudative vitreoretinopathy              1              none              none
  38   CRAO                                              1              none              none
  39   Ocular ischemic syndrome                          1              none              none
  40   Toxoplasmosis (CNV)                               1              none              none
  41   Vogt-Koyanagi Horadu syndrome (CNV)               1              none              none
  42   ME due to optic disc vasculitis                   1              none              none
  43   Post-capsule vessels (after cataract surg)        1              none              none
  44   Gronblod-Stranberg syndrome (CNV)                 1              none              none
  45   Vasoproliferative tumour                          1              none              none
  46   PRV due to polycythemia rubra vera                1              none              none
  47   Pterygium                                         1              none              none
  48   Cystoid ME in retinitis pigmentosa                1              none              none
  49   Cystoid ME in Behcet disease                      1              none              none
  50   Sorsby fundus dystrophy                           1              none              none
  51   WNV choroidretinitis (CNV)                        1              none              none
  52   Bleb hyperemia (post-trabeculectomy)              1              none              none
  53   Gyrate atrophy                                    1              none              none
  54   Nonarteritic Anterior Ischemic Optic Neuropathy   1              none              none
  55   Radiation Optic Neuropathy                        1              none              none
  56   Sponatneous cystoid ME                            1              none              none
  57   Pseudotumor cerebri (CNV)                         1              none              none
  58   Birdshot chorioretinopathy                        1              none              none

Upon further analysis of the 239 publications classified as a clinical trial for bevacizumab, only 14 different eye conditions represented by 88 publications were studied, the most frequent also being wet AMD ([Table 1](#T1){ref-type="table"}). There were a total of 144 clinical trial publications on a topic outside the scope of ophthalmology and 7 papers were excluded since they either studied adverse events or other features of bevacizumab treatment for the eye without the mention of the particular conditions being treated. Finally, none of the publications classified as a Phase III Clinical Trial for bevacizumab were on a topic in ophthalmology, as summarized below in [Table 1](#T1){ref-type="table"}. Consequently, all of the conditions treated were considered off-label.

There were 39 case reports retrieved from the search using ranibizumab as a keyword. From these case reports there were a total of 17 different eye conditions treated with ranibizumab alone or in combination, represented by 36 publications. There was one report that was excluded since it reported the incidence of endophalmitis in an office setting due to anti-VEGF therapy in general. From the publications classified as clinical trials, there were only 6 different eye diseases studied with neovascular AMD being the most numerous. Moreover, wet AMD was the only condition where there existed Phase III Clinical Trials, which have subsequently led to its approval for the treatment of this disease ([Table 2](#T2){ref-type="table"}). The 4 trials, which have been described in 8 publications from the MEDLINE search, include the ANCHOR \[Anti- VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in AMD; ([@R16])\], MARINA \[Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular AMD; ([@R17])\], FOCUS \[(RhuFab V2 Ocular Treatment Combining the Use of Visudyne to Evaluate Safety; ([@R18])\] and PIER \[Efficacy and Safety of Ranibizumab in Subjects with Subfoveal Choroidal Neovascularization with or without Classic CNV Secondary to AMD; ([@R19])\] studies.

###### 

The number of ocular conditions that have been treated with Lucentis (Ranibizumab) and published as a case report or studied in a clinical trial. AMD = age-related macular degeneration; NV= neovascular; CNV = choroidal neovascularization; BRVO = branch retinal vein occlusion; CRVO = central retinal vein occlusion. References are provided in parentheses for those with 5 or less reports.

       Ocular Condition                          Case Reports (references)   All Clinical Trials (references)   Phase III Trials (references)
  ---- ----------------------------------------- --------------------------- ---------------------------------- -------------------------------
  1    Neovascular AMD                           20                          20                                 4
  2    Retinal Angiomatous Proliferation (CNV)   2                           1                                  none
  3    CRVO                                      none                        3                                  none
  4    BRVO                                      none                        1                                  none
  5    Angiod Streaks (CNV)                      1                           none                               none
  6    Diabetic macular edema                    1                           1                                  none
  7    Diabetic macular traction                 1                           none                               none
  8    Idiopathic CNV                            1                           none                               none
  9    Macular Telangiactasia                    1                           none                               none
  10   Multifocal choroiditis                    1                           none                               none
  11   Multiple Evanescent White Dot Syndrome    1                           none                               none
  12   NV Glaucoma                               1                           none                               none
  13   Peripapillary CNV                         1                           none                               none
  14   Pterygium                                 1                           none                               none
  15   Retinal Capillary Hemangioblastoma        1                           none                               none
  16   Stargardt\'s disease (CNV)                1                           none                               none
  17   Toxoplasmosis (CNV)                       1                           none                               none
  18   Vitelliform macular dystrophy (CNV)       1                           none                               none
  19   Myopic CNV                                none                        1                                  none

The number of adverse events published in a case report after treatment with bevacizumab totaled 20. The most frequently identified side effect was tears of the retinal pigment epithelium (RPE) in 14 papers ([@R20]), followed by endophalmitis in 6 papers ([@R21]), progression of ischemia ([@R22]) and retinal detachment (RD) with a macular hole ([@R23]) reported in 2 papers each. In addition, there was one case report describing each of the following adverse events: retinal circulatory disturbances ([@R24]), progression of a RD ([@R25]), herpetic epithelial keratitis ([@R26]), papulopustular rash ([@R27]), rebound macular edema ([@R28]), sixth nerve palsy ([@R29]), acute glaucoma ([@R30]), sustained increase in intraocular pressure (IOP) ([@R31]), visual hallucination ([@R32]), sympathetic ophthalmia following vitrectomy for endophalmitis ([@R33]), anterior uveitis ([@R34]), acute visual acuity loss ([@R35]), large subretinal hemorrhage ([@R36]), and anterior ischemic optic neuropathy ([@R37]). Perhaps the most interesting case was vitritis in the contralateral, untreated eye ([@R38]), which suggests that bevacizumab has the potential to reach the systemic circulation and penetrate many body compartments. For ranibizumab, there were 7 case reports suggesting an adverse reaction from the drug: 6 described RPE tears ([@R39]) and one described persistent ocular hypertension ([@R40]).

DISCUSSION {#S4}
==========

Despite the fact that ranibizumab is the only anti-VEGF therapy approved by licensing bodies for ocular use, bevacizumab is by far the agent with the widest scope in ophthalmology. In the current study, we identified 58 different ocular conditions that were treated off-label compared to only 19 with ranibizumab. There are a few reasons for this occurrence that include the timing of introduction of bevacizumab and ranibizumab and the relative costs of the two drugs. In mid-2005, retina specialists had two therapies that had been proven effective and safe for neovascular AMD by randomized, double masked-trials: photodynamic therapy (PDT) and pegaptanib sodium (Macugen), which is an anti-VEGF aptamer ([@R14]). Just after the results of the ranibizumab trials were being reported that same year, but before the FDA approved it for neovascular AMD in June 2006, retina specialists began using bevacizumab because it was believed that its similar structure to ranibizumab would confer similar results. Indeed, the American Society of Retinal Surgeons survey on bevacizumab use found that 84% of retinal specialists preferred the off-label Avastin over PDT or Macugen even though the latter drug was supported by level one scientific evidence ([@R41]). Consequently, retinal physicians began to gain confidence with the effectiveness and safety of bevacizumab despite the higher quality evidence that emerged for ranibizumab. The compounding and often important factor is the relative cost of the two drugs. Many provinces including Ontario cover ranibizumab for those with neovascular AMD over the age of 65. However, some AMD patients, who have not yet reached the age of 65 and do not have the finances nor the insurance, are faced with a dilemma of whether to suffer the financial consequences of ranibizumab injections or receive bevacizumab which is considerable cheaper (\$2000 vs \$50, respectively) and potentially just as effective.

The familiarity with bevacizumab has penetrated ophthalmological diseases beyond neovascular AMD and has become the most versatile agent in this area of specialization. Despite any randomized, controlled Phase III trials, bevacizumab has become included in the standard of care for many conditions including proliferative diabetic retinopathy and is administered concomitantly with laser photocoagulation at certain sessions ([@R42]). Moreover, conditions like neovascular glaucoma, which develop secondary to ischemic retinal vein occlusions or diabetic retinopathy, can be managed much more effectively with bevacizumab than with pressure lowering drops alone ([@R43]). In addition, diseases like retinopathy of prematurity, which are currently managed with destructive procedures like cryotherapy or laser photocoagulation and often accompanied by poor outcomes in aggressive cases, are being considered for treatment with bevacizumab since VEGF-induced proliferation is central to the disease process ([@R44]). However, with no large trials to adequately evaluate its safety, especially in newborns, caution must be taken as bevacizumab continues to grow in popularity. The current study did not include an analysis of pegaptanib sodium to accompany the results of bevaciumab and ranibizumab. The primary reason for this is that this more selective agent that only inhibits the VEGF~165~ isoform has demonstrated inferior results when compared to ranibizumab in phase III clinical trials for "wet" AMD and has consequently assumed less importance than the non-selective VEGF agents at the current time ([@R07], [@R12], [@R17]). In the future, however, pegaptanib sodium may attain a more prominent role as a second line, maintenance therapy that can be employed after a sequence of ranibizumab and bevacizumab injections have been given ([@R45]). The rationale for this use is that it can preserve the beneficial physiological actions of some VEGF isoforms which may be needed over a long period of time while inhibiting the dominant VEGF~165~ subtype and consequently reducing the chance of developing a new neovascular lesion. In addition, the current study was limited in that the case reports used as an index of the use of ranibizumab and bevacizumab may not be completely indicative of their use in ophthalmology clinics. These reports may only reflect current hypotheses and investigational uses that are still awaiting further clinical trials before they become more widely accepted in the future. Nonetheless, it may be some time before clinical trials are organized for many less common diseases prompting some clinicians who have not yet adopted the drug to begin introducing it at increasing amounts in the future.

The increasing off-label use of bevacizumab and ranibizumab beyond the numerous conditions identified here has the potential to also lead to an increasing number of adverse reactions to the drugs. VEGF has a number of critical roles in the vasculature including maintaining the health of the retinal pigment epithelium and the microcirculation,([@R46]) and serving as a critical factor in the adaptive response to ischemic injury in which the elderly, who are often the population treated with these agents, are at greater risk. In response to ischemic injury, VEGF serves as a neuroprotectant directly by influencing antiapoptotic gene expression and indirectly by functioning as a vasodilator and increasing blood flow to the area ([@R47]). Its latter function is a result of its ability to alter the distribution of the tight junction protein occludin in endothelial cells ([@R48], [@R49]) and upregulate nitric oxide in arterioles and venules ([@R50]). Indeed, a recent study evaluating treatment of naïve patients with neovascular AMD noted significant retinal arteriolar narrowing after monthly intravitreal injections of ranibizumab ([@R51]). The concern for systemic effects, however, should be greater with bevacizumab than ranibizumab, since it can utilize endogenous immunoglobulin transport systems like the FcRn or neo-natal receptor, which are expressed at high levels in the eye and used to transport antibodies to help them escape catabolism ([@R52]). In fact, pharmacokinetic studies in rabbits have found persistent levels of bevacizumab in the serum that do not drop below 1ug/mL until 30 days post-injection and nanogram levels in the contralateral eye after intravitreal injection of 1.25mg ([@R53]). Considering that normal serum VEGF levels are on the order of 100 pg/mL ([@R54]), an excess of free bevacizumab in the serum could neutralize the protective functions of VEGF and have clinical manifestations. Could we therefore see more systemic thromboembolic adverse events in the future as bevacizumab grows in importance? Even large clinical trials enrolling a few thousand patients may not have the statistical power yet to detect low rates of adverse events. One primary concern that is currently under investigation is whether long-term treatment with ranibizumab for wet AMD can accelerate a transition to geographic atrophy, a dry debilitating end-stage of AMD, since VEGF helps maintain the health of the normal retinal neurons and the retinal pigment epithelium. ([@R55]). Consequently, further large scale studies and effective mechanisms that allow for reporting of potential adverse events should be put in place to better identify relationships between intravitreal anti-VEGF therapy and adverse consequences.

CONCLUSION {#S5}
==========

Bevacizumab is a far-reaching anti-VEGF agent used in ophthalmology, being described for use in 58 different conditions. The smaller ranibizumab fragment is the only anti-VEGF currently approved for ocular use in neovascular AMD and has been described for use in 18 other eye diseases. As the use of bevacizumab and ranibizumab increases in our aging population, the potential for more adverse events with these agents will inevitably grow beyond the 20 published case reports of adverse events to date. Caution should be used by all treating physicians who opt to use these agents in their practice and patients should be fully informed regarding their use and be made aware of the off-label nature of these therapies.
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